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The Energy and Power Evaluation Program (ENPEP)
Consists of 10 Integrated Analysis Tools
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BALANCE is Designed to Analyze the Entire

Energy System in an Integrated Framework

e Reveal cross-sectoral effects; prowde structure for
consistent energy “planning” program

Residential
Sector

Electric
Sector

Coal Qil
Sector Sector

o Integrated framework allows evaluation of feedback

effe cts 'Pnce of Coaa
Carbon Tax

Price of Demand Atmospheric
Electricity for Coal Emissions
Demand for
Electricity
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BALANCE Determines the Equilibrium

Supply/Demand Balance of the Energy System

INPUT OUTPUT
y 4
Price/Cost
e Energy system
structure Demand Supply

o Base year energy
flows and prices

Equilibrium

e Energy demand
growth projections

e Technical and A
policy constraints

Quantity
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BALANCE Uses an Energy Network
to Simulate Energy Markets
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Using Nodes and Links, Each Sector is Modeled Differently
Depending on Data Availability and Type of Issue Analyzed
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The Following Node Types are Available to Model
Different Energy Activities

—_ - ~ =i :
e Demand
IR Y
e Conversion Processes ? —— |
Single In-/Output Multi Output Multi Input Transport
e Resource Processes @
Depletable Renewable
o Economic Processes
Decisi;;;;"ocation Pricing
o Electricity Dispatch and ﬁ
Thermal and Hydro Units ™ _ _
Central Dispatch Thermal Unit Hydro Unit
AN G o ehces Divison &Y Gontr o Enegy Emronmentl



Nodes Are a Series of Simple Sub-Models,
Each Wlth a Set of Quantlty and Prlce Equatlons
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o Quantity, .« = f(Quantity;, )

Q.. — Example conversion process
P out Qout = Qin X y
Y: conversion efficiency
Conversion
Process

e Price 4, = f(Price ;)
Q;, — Example conversion process
P. Revenue = Cost

Q. xP,=Q,xP, + O&M + Capital Recovery

/ Argonne National Laboratory Center for Energy, Environmental, =
&% Decision and Information Sciences Division And Economic Systems Analysis



The Links Connect the Nodes and Pass
Information from One Node to Another
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Q out,2

P out,2

Conversion
Process

Q in,2
P in,2
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At the Decision Nodes, Fuels and Technologies
Compete for Future Market Shares

: Residential space heat Water Cook-
: can be provided by four Heat ing
competlng technologies
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The Electricity Dispatch Node Handles the Electric
Sector in a Special Way
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BALANCE Uses a Logit-Function to Estimate Market
Shares of Competing Commodities at the Decision Node

— = . 3 = e , - ————
Qdemand 1 v Y  price sensitivity for
_— this decision process
MS Q | _ P, x PM, MS: market share
@ ' oa+q, Y vl |p prce
1 . 1 PM: premium multiplier
P1 Q,’ P2 QZ P1 X PM1 P2 X PM2 Q: quantity

Market Share Product 1
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The BALANCE Nonlinear Equilibrium Algorithm
Is Based on Decentralized Decision Making

T — -
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o Market share calculatlon assumes “|deal market” subject to
government policies, fuel availability, and market constraints

o A lag factor accounts for delays in capital stock turnover

e The result is a nonlinear, market-based equilibrium solution
within policy constraints, not a simple, linear optimization

e No single person or organization controls all energy prices and
decisions on energy use

All decision makers optimize their energy choices based on their
own needs and desires
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BALANCE Uses an Up/Down Pass Sequence and the Jacobi
Iterative Technique to Determine the Market Clearing
Prices _andQuantities (Market Equiljbrium)

——

3T

§e) 9 L1

2 3a

= Q.

Q.w e §

E® o3
O wm (&)

(]

Unl_ 8 -
N o —

o - O
o= =
= & Conversion Conversion %

oo

Process Process =)

Q1 Q2
..................... P1 L1 L2 P2
............... ( Depletable ) ( Depletable ) _, -
RERETRIRPR R «A\_ Resource Resource T g

a
: : R :
g = = O :
: H - O _>:
: — kS uantit g
%, Quantity = o  §F NREyg = SRidgown * || *up “>*“down * | ... Q ....... Y et

/ Argonne National Laboratory Center for Energy, Environmental, =
&% Decision and Information Sciences Division And Economic Systems Analysis

\

Cost (Price‘




The Up-Pass and Down-Pass Sequences Are
Repeated Until Convergence Has Been Achieved

. . - o — = ——— = '::-.,
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CONVERGENCE IS ACHIEVED WHEN:

e Q1 (down) = Q1 (up) +/- Tolerance Level

e Q2 (down) = Q2 (up) +/- Tolerance Level

o The final result is a converged solution

o The solution is in equilibrium across the whole
network
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Each Case Study Can be Stored
in a Different Database

— - =

EBMI.HCE for Windows
Fi' Edt  window Help

S0 @ 7
anu 10/3/2002 This database contains two demonstration cases
]wetnam-iaea 9/13/2002 Database with Vietnam GHG cases:

Base Case, DSM Case, Efficiency Case, Muclear Case

(Here is the patln

Study name Last Opened Description

|ME'HIC!} Elecltric and name Of the Database with Mexican Electric Power Sector Case
database file
JMaxi:n Electric Sector /1372002
_—
Create a new
(blank)
[m exico Electric 9/13/2002 : database
Add an existing
database to this
list
Ok ‘ Cancel l Delete ‘ New | Add N—
I E‘FRUGHQ‘HENPEF'MN*HMCEWMI:MW
Argonne National Laboratory Center for Energy, Environmental,
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The First Step in Developing an ENPEP Network is to Define
the Sectors Included in Your System
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Flease use the menu bar to edit the MEX-NEB sector o sectars 1.7
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Each Sector is Modeled Differently Depending on
Data Availability and Type of Issue Analyzed
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Inter-Sectoral Links Can Connect
Energy Networks of Different Sectors

£ Sector 2 Network El i E Sector One Network Ele . |
a Link 301 Connects
| s o] | Hader [Abbreviovion 7] u
to Sector 3
SEC
Link 301 FUEL2 LN301  FUEL3
Connects to
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2 STO
ALOE3
SECO1
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- & RACH hl
KN — v |1 | ay
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All Network Elements Can Be Accessed Using
the Standardized Simple Menu

£ Sector Dne Metwork Elements

Maodes: Is‘%bbreviatiun v'|

—

Links: IAbbreviatiDn v|
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F
—
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All Input Parameters Can be Changed Over Time

= — e = — = = - —— — — T _—
— e - = —— = —

o Annual changes are optional

e Input data remains constant until the year you enter a new value

o Please note: Price projections for resources and demand growth rates
for demand nodes are different (they are not special events)

Technical Froperties |Economic Properties' Emissions Propertiesl

single Plant All Plants Typical Output/Input
Qutput Capacity  Cutput Capacity  Capacity Factor Ratio
Yoar (kBOE) (KBOE) (Fraction) (Fraction)
1991 | 0.001 | 1,000,000.000 | 1.000 0.44
1992 | |
ﬁ)/ . - N
1993 Oll ratio changes in 1994 to \\
1994 0.5. It remains 0.5 for 1994 0500

1005 and 1995. In 1996, it changes _—

— again to 0.55. It remains 0.55 —=
in 1997 and changes to 0.6 in
1997 1 1998. It stays at 1998 until
1998 the end of the study period. ) 0.600
W\l‘ ] |
/ Argonne National Laboratory @ Center for Energy, Environmental,
&£°D Decision and Information Sciences Division And Economic Systems Analysis



Results Can be Viewed Interactively for Individual
Network Components

16 Modes: 0.00
Links: 3,285.76
Wiew Trend |

—— -

® Quick Trend Report !E[
| Energy Report | E miz=zions Graph | Emizzions Report | Cost Graph | Coszt Report
IStacked Bar j IAbsqute j
35000+
300004
25000+
200004
15000+
10000+
5000+
1.65
0-
AAAAA [STSTSTSTSTSTSTSTSTSTSTIST ST ST S TSNS ST ST S TS S ST T T T ST T T
Lo dw T YR daw o e I Y o i i Y i o i i i i e i e i i e i
el el t el Yo Y Lo R D i i Y e i G G G G G G G G PRI IR R RI PO RN R
N~ 00D — P00 P (N~ SO0 D — b 0 P N~ 00 00 O — b0 P N~ 00 O
Year
Bl Ln750 B Ln7st [ IR T LNg12
oK |

1.406
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BALANCE Uses a Standard Methodology to Determine
the Uncontrolled and Controlled Source Emissions

———— : _— e e~
= — _ ———— e T——

Uncontrolled _ Fuel Emission Chemical
. = i X X
Emissions Consumption Factor Scale

Controlled _ Uncontrolled

Emissions _ Emissions (100 - Control Efficiency) / 100
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Emissions Are Calculated and Reported by Node for

any Pollutant the User Specifies

— e —— , — - — ——
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Run Parameters Follutants |F’Dlluti0n Controls | Cutput Codesl MNon-electric Unitsl Electric Units
MName Abbreviation Chemical Scale
Methane [cha | ”

|Carbnn Diouide |COQ |Carhc|n

Mitrous Oxides 20 |

|Nnn Methane Total Organic Compounds |NMTOC | |

INitrUgen Cixides INOX | E} W
|F'articu|ate atter Total |F'M IASh

|Sulfur Dioxide 502 [Sulfur | |

|co !

e | welete

OK% | Cancel

Technical Perertiesl Economic Praperties  Emissions Froperties |CDntrD| Prn:upertiesl

Uncontrolled
Emizsion Factor

Pollutant Input Based Scale Walue Emissions Tax
Year Ahbreviation (kG0 Chemical Scale %o (FAonne)
1999 CH4 0.001 M’f \‘\
co2 1.349 | Carbon | 77 &0 20.00
M20 0.002
MMTOC 0.001
MOX 0.399 =2 kel |
P 0.184 Ash 17.50 |
S02 058 Sulfur 450 100.00
/ Argonne National Laboratory @\ Center for Energy, Environmental,
&% Decision and Information Sciences Division And Economic Systems Analysis



Environmental Results Can be Viewed Directly
in the Network, in Tables, Simple Graphs,

~ or Exported to EXCEL

— e - = ——_—
o Network Blonents  ———————————__@mEH]
Energy Repor‘(l Energy Graph Environmental Report | Erviranmental Graph |
;S;IEmissiun 'l(tonne) Links:IND Labels 'l Pollutant| CO2 < Year:l1999 'l
Emission Factor All
[nput Times CH4 =
Quantity Pollutant Scale value Emissions co
Year (KBOE) Abbreviation JEHEN] (tonney e
1999 | 1200 | CO2 | 104.64515 | 720,243.281 NMTOC
2000 [ 1245777888 [ co2 | 104 64516 | 747.719.114 v
2001 | 1292.32800% | CO2 | 104.64515 | 775,658.600 502
2002 | 1340.535767 | CO2 | 104.64515 | B04,593.232
2003 | 1389497192 | CO2 | 104 64515 | B33,980.013
2004 | 1439415089 | CoO2 | 104.64515 | BE3,940.841
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N =k
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Coe0eeE38385838323332332233 33880 B 1951 30 3 10 tonne
M= 0O D=2 PWEAD N0 D =2 WwE A @m0 0O =rWwhd ?
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8
9 |Sector MNode Type Pollutant 1991 19592 1993 1994
LN145 LN146 LN3Z28 LN3Z29 LMN344 N353 i 2
i L i L L 0 10 |AG DE23 DE 0P 1658.296 1741.211 1822.874 1906.544 1
1 |AG DE23 DE 1Pr10 o 0 o 0
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131AG DE23 DE 3INOK 2825357 2966624 3105759 324.8314 C
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The New SIMPACTS Model Extends ENPEP’s Emissions
Calculations and Allows a Quick
Analysis of Environmental Externalities

\ Local Impact Distribution [Events/yr]

Concentrations [ug/m3]

..Q‘.-Q-‘O..‘.‘.-.. , ® e

’ b Dofl(:mwinad0 dist;(:lce [If?n] ? " X[km]_ s
Exposure Physical
Source —\ Transport —\ —\lmpacts on —\ .
e ‘ . . - ‘of People - "Valuation
Emissions Dispersion Health and
& Ecosystems .
Environment

< ENPEP > < SIMPACTS >
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A Help System is Available

to Provide Online Support

—

il .=+ Help for EMPEF for Windows 2.0 M= E3

. File Edit Bookmark Options Help

Help Topic:  Hack | Errint | £

I

Qﬂ] Contents I% lndez-:l ik Eearchl

: @ Introducing the Mew EMPEP for ‘Wind
@ Installation

- @ Gatting Started

- @ Building an Energy Netwark

- @ Input Data Requirements

- Metwork Links and Nodes

@ Running BALANCE

- @ Model Dutputs

@ Debugging the Casze

@ Modeling Hints

@ Recent ENPEP Studies and Reports
- @ Cortacting Argonne

- @ Other Argonne Model:

Welcome to EHPEP

EMPEP iz a powerful integrated software package that alloves the energy analyst to conduct
complete energy system studies. The package incorporates a set of energy planning modules,
with each module addressing a portion of the energy planning need. These modules can be
uzed ether az stand-alone packages or az integral parts of the EMPEP svstem. To enhance
the uzefulness of the system for energy analysis in developing courtries, the model has been
developed to run on personal computers. The modular structure of EMPEP allowes the user to
followy zeveral pathwways and to tailor the analytical approach to the type of analysis.

The MACEC module of EMPEP provides an interface with the economic planning module and its
results. The DEMAMND component takes the infarmation provided by the macroeconomic
module and projects future fuel and electricity consumption. The BALARMCE module iz used to
construct the supply-and-demand balance for the entire energy system. | uses a non-linear,
generalized equilibrium approach to perform theze calculstions. The IMPACTS module
computes the effects of the energy supply-and-demand system defined by BALAMCE. |
addreszes air and water pollution, water supply, land use, solid waste generation, human and
material resource requirements, and occupational health and safety. ENPEP alzo provides
modules to perform a detailed analysis of the electric system portion of the energy sectar. The
uzer feeds data on electric systems into the PLANTDATA module. The ELECTRIC module is an
electric system generation expanzion planning model that wtilizes cost-minimization technigues
to develop & long-term generation expansion plan for the electric system. The MAED module is
uzed to estimate the total energy and electricity demand in the future. The LDC module
develops load duration curves for use by ELECTRIC. The ICARUS module iz a detailed
production-cost model of the electric generating system.

-

Note: The help system is still under construction. Content

will change and not all topics may be available at this time.

Argonne National Laboratory

Decision and Information Sciences Division

Center for Energy, Environmental,
And Economic Systems Analysis
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ENPEP is Used by Energy and Environmental Experts
Worldwide to Analyze a Variety of Critical Issues

——— e o

e — = = = - — " —_— T——

o Electric system analysis
— expansion analysis, demand side management
— optimal hydro/thermal dispatch ($, environment)

—deregulation, independent power producers,
power market studies, interconnection studies, etc.

o Total energy system

—overall energy sector
development strategies

— natural gas market analysis
— energy conservation+efficiency

o Environmental analysis
—emissions projections for PM, SO,, NO,,, etc.
—emissions reduction strategies for PM, SO, and NO,
—emissions trading for SO, and CO, (cap and trade)
— GHG mitigation studies and Kyoto Mechanisms
—waste generation, land use, water pollution

/ ; Argonne National Laboratory Center for Energy, Environmental, =
&% Decision and Information Sciences Division And Economic Systems Analysis



Current/Recent ENPEP Applications

COLOMBIA
(MAED, WASP, BALANCE,
IMPACTS, VALORAGUA)
National energy analysis
Natural gas expansion
Electric system development
Air pollution (PM, SOX, NOX, GHG, etc.)
PM + SOX control cost analysis

PERU
(WASP, BALANCE, IMPACTS)
Load forecasting

Electric system expansion
National energy analysis

Air pollution analysis

GHG mitigation

in South America

VENEZUELA

(WASP, BALANCE, IMPACTS)
National energy analysis

GHG mitigation analysis

BRAZIL

(WASP, BALANCE,
VALORAGUA, IMPACTS)

State energy analysis

State electric system development
Air pollution analysis

Land use analysis

Decision analysis

URUGUAY

(BALANCE, IMPACTS)

National energy analysis

Market penetration of natural gas
GHG mitigation analysis

FCCC Nat Com (submitted)

/ Argonne National Laboratory
o Decision and Information Sciences Division
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Current/Recent ENPEP Applications
in Eastern Europe

————— - — e ——————
Poland Lithuania Belarus

(MAED, WASP, BALANCE, IMPACTS) (WASP, MAED) (WASP, BALANCE, IMPACTS)
Deregulated power market analysis Electric system analysis Electric system expansion

National energy analysis

Air pollution analysis
GHG mitigation analysis

PM and SOX control cost analysis
Romania
(WASP, BALANCE, IMPACTS)
National energy analysis
Energy sector restructuring
Natural gas imports
Rehabilitation, IPPs
Removal of energy subsidies
Air & water pollution analysis
GHG mitigation analysis
FCCC NatCom (submitte

National energy analysis
Air pollution analysis

Slovakia

(BALANCE, IMPACTS)
National energy analysis
GHG mitigation analysis
FCCC Nat Com (submitted)
Joint implementation

Hungary
(WASP, BALANCE, IMPACTS)

Electric sector expansion
ational energy analysis
HG mitigation analysis
PP Bid Evaluation

5 Bulgaria
_c (WASP, BALANCE, IMPACTS)

~—

Waste generation

Croatia+Balkans

(MAED, WASP, BALANCE, .
IMPACTS) Jurkey

National energy plan (WASP, ICARUS, BALANCE, IMPACTS, etc.) E‘lat'Of]a' energydp'anl t
Electric system expansion ~ National energy plan Gflc(:;rlclslystgm ev<|a opmen
Air pollution analysis Electric sector dispatch and expansion m’\lltlgatlon analysis
IPP+Interconnection study P rivatization, Environmental assessments FCCC Nat Com submitted
Argonne National Laboratory Center for Energy, Environmental, 7
_4) D Decision and Information Sciences Division @\ And Economic Systems Analysis



Current/Recent ENPEP Applications in Asia

Kazakstan South Korea

China
(BALANCE)
Regional energy plan

|

(BALANCE, IMPACTS)
National energy plan
GHG mitigation analysis (ﬂf"

(WASP)

Electric system development
GHG mitigation analysis
FCCC Nat Com (submitted)

Thailand
(BALANCE, IMPACTS)
National energy plan
GHG mitigation analysis

| Vietnam
. i : (MAED, WASP, IMPACTS, BALANCE)
m% . Electric system development

National ener lan
Electric system development Air pollution agr?;li)/sis

Indonesia
(WASP, BALANCE, IMPACTS)
Electric system analysis

Nepal Banqlades . National energy plan
(WASP) (WASP) Air pollution analysis

National energy plan

GHG mitigation analysis PP Evaluation

Argonne National Laboratory Center for Energy, Environmental,
Decision and Information Sciences Division And Economic Systems Analysis



ANL and Local Experts Used ENPEP to Analyze
Natural Gas and Electricity Issues in Uruguay

| o

e Overall energy SeC'_:OI' devglopment e B aseducteArgentma - Uruguay
strategy in light of increasing e
regional integration

o Uruguay’s energy supply system is o A g S
undergoing change (MERCOSUR, 2, JONIVIDEO
natural gas imports, potential N
increase in electricity connections B
with other countries, energy sector s Rio de la Plata
reform, etc.) '

o For a total of six scenarios, analyze fuel substitution trends due to
gas imports and increased electricity interties, and project future
market penetration of natural gas by sector

o DIS collaborated with a team of local energy experts from the
Presidential Planning Office (OPP), Ministry of Energy (MoE),
National Energy Office (DNE), Electric Utility (UTE),

Oil Refinery (ANCAP), and Gas Company

o Project sponsored by The World Bank

&

Argonne National Laboratory Center for Energy, Environmental, =
Decision and Information Sciences Division And Economic Systems Analysis



Uruguay’s Projected Natural Gas Imports Are
Highest in an Open Regional Electricity Market

— SR—

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

+ Sc 2: Closed Electric + Gas
=O—S8c 3: Open Electric Argentina + Gas
—/~—8c 5: Open Electric Argentina & Brazil + Gas

Argonne National Laboratory Center for Energy, Environmental, 2
Decision and Information Sciences Division And Economic Systems Analysis "



ANL Used ENPEP to Assist the Hungarian Power
Companies in Evaluating IPP Bids

— — — — e ST — =
— — —_— — —— : =

e The Hungarian Power Companies THE NATIONAL GRID, THE FOWER PLANTS
(MVMRt) were recently restructured
from a state-owned vertically
integrated utility into a transmission
company; generation is owned by
private (domestic and foreign)
companies; 6 regional private
distribution companies

o MVMRt determined additional power
generation capacity is needed,;
MVMRt issued a tender in 1997 and
received 80 initial responses

o MVMRt contracted Argonne to develop a methodology for
evaluating the IPP bids and to audit the evaluation process

o MVMRt signed two long-term PPA contracts with operators of
gas-fired combined cycle combustion turbines worth $1.3 billion

o« Announcement can be found at
http://www.mvm.hu/angol/angkapac.html
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Technical Experts from Poland Used ENPEP to
Analyze the Requirements of the Kyoto Protocol
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Poland’s Power Sector Remains Largest Source of
CO, Emissions under the Baseline Scenario

e = R — —— = = — = — : e -

o Total CO, emissions are projected to increase from 363 million metric
tons (1996) to 433 million metric tons (2020); the growth in emissions
comes from the electric sector and the transportation sector

——

o Share of power sector
remains fairly constant
and is still 45% by 2020

e Transport sector
emissions grow
quickly with its share
increasing from 8%
(1996) to 14% (2020)

e The shares of the 1996 2000 2004 2008 2012 2016 2020
other sectors are all M Fuel supply M Transport [ Agriculture
. O Electric B Industry B Heat
prOjeCted to decrease O Residential/Services
Argonne National Laboratory Center for Energy, Environmental, ?
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Meeting Kyoto Requirements Will Depend on the
Choice of Base Year for Poland

o As an Econor;y-ih-Transition, Poland has the flexibility to choose the o
base year for its CO, reduction commitments (1988 rather than 1990)

o If Poland had to reduce its CO, emissions to 6% below 1990 levels, only
one scenario would be consistently below the limits

e All scenarios are

projected to meet 0]

the limit of 449 o

million tons S 420

(1988 minus 6%) o 400
o CO, reduction S 380

by 2020 of up to g 360

109 million tons, S 340 .

0 = 3
(or 25_/" below t':'e B 320 4o e o k. A7X 320
baseline scenario Period
300 T T T T T T T T T T T ! ! ! T T T T T T T 300
e Nuclear may cut 1996 2000 2004 2008 2012 2016 2020
ieci —+=Ceiling 1988 - 6% Ceiling 1990 - 6% A—Sci: Base C
C02 emlss!o_ns by —D—Sf:lz:"é;gas High + S§I3:mGgas Low < 324: E:ts:rn:listey Low
up to 50 million tons X=Sc5: Externality High =O=Sc¢6: Maintain Coal
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Technical Experts in Vietham Used ENPEP to Project
Emlssmns from Power Generatlon

o MAED was used to obtaln the Ioad

forecast; generates seasonal MA?EP?
load duration curves required by Hai Phong Ener%"
ELECTRIC (WASP) g

« ELECTRIC (WASP) was used to w

develop the long-term electric power -
system expansion under several scenarios R DaNang ___ _v7

ELECTRIC

System *' . .
Expansion

o IMPACTS was used to calculate the
emissions of a variety of pollutants (GHG
and non-GHG) and to estimate the ._
mitigation cost for reduction of __
particulate matter and sulfur dioxide ™. s8¥¥Ho Chi inh City

o Team composed of experts PhuRuoc |92
from Vietnam Atomic Energy ‘
Commission — Institute of Nuclear
Science and Technique

e Project supported by IAEA and US State Department

/ Argonne National Laboratory Center for Energy, Environmental, =
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Vietnam’s Economy is Projected to Continue its Rapid
Growth Requiring Substantial Power System Expansion
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Average annual peak Hvdro and aas
load growth of 9.1%. y 9 Nuclear

30 10 of9.1%. [ will provide the . { | in2017
Rates are higher at majority of power

the beginning (up to

25 1 11.5%) and lower
toward the end
(6.7%)
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Installed Capacity versus Peak Load (GWe)
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Vietnam’s CO, Emissions from Power Generation
are PrOJected to Grow Slgnlflcantly
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Emissions by Region in Vietham

N ' ' —

e Most of the current and new coal

50Emissions - North Vietham

units are located in the northern 30 """""""""""""" —
region where Vietham'’s coal 20 i o L -y
resources can be found " W ﬁl

1995 2000 2005 2010 2015 2020

e 83% of SO, emissions are in the [(mcoz mNox  [soz |
north

CO,: times 10”6 tonnes

o After 2007, many existing and NO.: times 1073 tonnes
inefficient coal units retire S0,: times 10”3 tonnes

o Vietnam’s oil and gas resources are

Emissions - South Vietnam
mostly in the south where most of " ——
the new gas-fired units are expected e R = )
to be constructed — """""" ey
« By 2020, about 62% of CO, and 70%  °
of NO, emissions are generated by | meoz mNox  [0sop |

gas-fired units in the south
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Complying with Vietnamese Air Pollution Rules Reduces
2020 SO, Emlssmns by 50,000 Tons Annually (70%)

>Insta||ation

of SO,
: controls
g reduces 2020
: 60 _ emissions
: from 71,000
‘E -------- tons to
E \ 21!300 tons )
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Vietham’s Emission Abatement Costs for PM and
SO, are Significant

250

JOPM Capital Cost S02 Capital Cost ’
IEN CPM o&M Cost EmSO02 O&M Cost |

N

o

o
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Kl'otal discounted

(10%) abatement
"""""""""""""""""""""""""""""""""""""""" costforSO,is |
US$180 million

(capital + O&M)

N
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million US$1995, undiscounted

or $210 per ton
_______________________________________________________________ of SO, avoided
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